A set of scaling criteria of a polymer flooding reservoir is derived from the governing equations, which involve gravity and capillary force, compressibility of water, oil, and rock, non-Newtonian behavior of the polymer solution, absorption, dispersion, and diffusion, etc. A numerical approach to quantify the dominance degree of each dimensionless parameter is proposed. With this approach, the sensitivity factor of each dimensionless parameter is evaluated. The results show that in polymer flooding, the order of the sensitivity factor ranges from 10 −5 to 10 0 and the dominant dimensionless parameters are generally the ratio of the oil permeability under the condition of the irreducible water saturation to water permeability under the condition of residual oil saturation, density, and viscosity ratios between water and oil, the reduced initial oleic phase saturation and the shear rate exponent of the polymer solution. It is also revealed that the dominant dimensionless parameters may be different from case to case. The effect of some physical variables, such as oil viscosity, injection rate, and permeability, on the dominance degree of the dimensionless parameters is analyzed and the dominant ones are determined for different cases.
Introduction
Most of the oil fields in China have been developed by water flooding, but the recovery efficiency is presently very low and the water cut is over 80% (Han et al. 1999) . Only 30-40% of the original oil reserves can be recovered after completing the primary and secondary Y. Bai (B) · Q. Li Technology Research Department, CNOOC Research Center, Beijing, 100027, China e-mail: byh_2002@163.com recoveries (Shen 2003) . The residual oil remain in the strata as an oil film on the surface of the pores and stagnant oil in the blind ends, throats and some places is not swept by water flooding. The forces holding the remaining oil include interfacial tension among oil, water, and gas phases and viscous force, etc. (Wang et al. 2000) . To enhance oil recovery, polymer flooding as a major enhancement method is widely carried out in China. On the one hand, the addition of polymer to the water flooding increases the viscosity of the aqueous phase to adapt the oil viscous force. On the other hand, the polymer solution reduces the permeability of the aqueous phase. These two factors result in an improvement in the mobility ratio between aqueous and oleic phases, increasing the areal and volumetric sweep efficiency. The field and laboratory experiments have proved that polymer flooding can enhance oil recovery by 10-20% (Lu et al. 1996) .
Physical simulation plays an important role in revealing the mechanism of the driving process and optimizing the development programs in the short term at a low cost. The principle of similarity or scaling law is crucial for physical simulations (Sedov 1959) . A set of scaling criteria for polymer, emulsion, and foam flooding experiments was obtained by inspectional analysis (Islam and Farouq Ali 1989) . They focused on the complicated flooding processes involving mass transfer among phases, the interfacial tension, diffusion, dispersion, absorption, and mechanical entrapment. The scaling criteria of surfactant-enhanced alkaline/polymer multiple flooding flows was gained, which involved transient interfacial tension and non-equilibrium mass transfer phenomena (Islam and Farouq Ali 1990) . They observed that in most cases the mass transfer rate in the model is different from that in the prototype. However, both rates were assumed to be the same as in previous studies. Though some experiments (Wang and Han 1994; Sorbie et al. 1985) have been conducted to reveal the driving mechanisms in the polymer flooding process, few physical simulations are based on the principle of similarity. The reason is that the physical simulation of polymer flooding associates with such complicated factors as convection, dispersion, diffusion, entrapment, and non-Newtonian behavior, which leads to so many dimensionless parameters that cannot be simultaneously satisfied. The precise scaling of transverse dispersion coupled with the requirement of geometric similarity would impractically require a large model and a very long time interval for miscible experiments (Pozzi and Blackwell 1963) . In some cases, the geometry similarity and the gravity force have to be relaxed in order to satisfy the requirement of the miscible displacement. Simultaneously, modeling the ratios of the capillary and the driving forces to the gravity force would induce a considerably large permeability for a water flooding experiment, which is very difficult to realize in the laboratory (Shen 2000) .
Though numerous literature has focused on the displacement mechanism (Prabir and Pasa 2004; Kevin et al. 1998 ), numerical simulation (Luis et al. 2005 , field projection design and prediction technique (Wang et al. 1993; Delamaide et al. 1994) , few papers have reported on the similarity criteria. Generally speaking, there are so many parameters involved in the process of polymer flooding flows. Therefore, it is very difficult or sometimes even impossible to keep all the similarity parameters identical in the laboratory experiment. To tackle this kind of problem, an efficient and practical way out is to single out the dominant parameters and to relax the secondary ones in laboratory experiments. Theoretically arranging all the dimensionless parameters in the order of importance is not easy or even impossible to realize. In our previous work, a numerical approach of sensitivity analysis of dimensionless parameters is proposed based on the scaling criteria of water flooding flow (Bai et al. 2005) . With this approach, the dominance degree of the dimensionless parameters can be quantitatively evaluated and the dominant ones can be conveniently singled out.
In the following sections, we first derive the scaling criteria of polymer flooding involving the gravity force, the capillary force, the compressibility of water, oil, and rock, the
